Introduction Data that estimate the prevalence of and risk factors for worker obesity by occupation are generally unavailable and could inform the prioritization of workplace wellness programs. The aims of this study were to estimate the prevalence of obesity by occupation, examine the association of occupational physical activity and a range of health behaviors with obesity, and identify occupations in which workers are at high risk of obesity in Washington State.
Introduction
Obesity has been declared an epidemic, posing a threat to public health. In the United States, the prevalence of obesity has increased dramatically in recent decades (1) . In the workplace, obesity not only contributes to costs associated with sick leave and absenteeism but is also associated with increased risk of developing cancer, musculoskeletal disorders, cardiovascular disease, and stress (2) . As the US workforce ages, these chronic diseases and their associated health care costs, which are predicted to be $4.2 trillion annually by 2023 (3), will place a tremendous burden on employers and the health care system. On average, full-time workers spend more than 8 hours per day at work, with one-third to one-half of their workday spent sitting down (4) . Occupational physical activity is a determinant of daily energy expenditure, and nonsedentary occupational physical activity may have a protective effect on the physical health of workers (5) (6) (7) (8) . Workers generally eat at least 1 meal during the workday, which makes the workplace a logical and valuable setting for promoting a healthy diet and the increase of physical activity. Studies support the effectiveness of workplace interventions that target improvement in obesity-related health behaviors of workers (9) (10) (11) .
The Surgeon General's Vision for a Healthy and Fit Nation includes recommendations for employers to create healthy worksites through promotion of physical activity and healthy eating in the workplace (12). Healthy People 2020 objectives include increasing the proportion of worksites that offer an employee health-promotion program, have nutrition or weight-management classes or counseling, and have exercise facilities and exercise programs (13) . As a major component of health reform, the Prevention and Public Health Fund of the Affordable Care Act offers $200 million for wellness plan grants for small businesses (14) . Yet, despite these strong public policy efforts to increase the health of the working population, few systematic measures exist of the health of the workforce by occupation. Estimating the prevalence of obesity by occupation can inform the development and evaluation of the effectiveness of work-based wellness programs.
The objectives of this research were to 1) estimate the prevalence of obesity by occupation; 2) assess the association of obesity and occupation by considering the related factors of smoking, leisure-time physical activity (LTPA), adequate intake of fruits and vegetables, and occupational physical activity; and 3) identify occupations in need of workplace obesity prevention programs. This population-based study provides occupation specific analyses of health behaviors for consideration in the development of workplace wellness programs in Washington State and the nation.
Methods
The Centers for Disease Control and Prevention's Behavioral Risk Factor Surveillance System (BRFSS) is an annual, state-based, random-digit-dialed, landline telephone survey of the noninstitutionalized US civilian population aged 18 years or older that collects data on health conditions and behaviors. The BRFSS provides annual national and state-level prevalence estimates of obesity and biennial estimates of physical activity levels at work and during leisure time and assessment of healthy eating (15). Beginning in 2011, BRFSS included cellular telephone-only households in the sampling design and modified weighting methods; therefore, data preceding 2011 cannot be reliably compared with BRFSS data from 2011 to the present. We used data from Since 2002, Washington State BRFSS has been collecting data on the occupation of currently employed respondents. For the survey respondents who were currently "employed for wages" or "self-employed," interviewers asked the following questions for industries and occupation, respectively: "What kind of industries do you work in?" and "What is your job title?" If no job title was provided, the respondent was asked "What kind of work do you do?" The narrative text responses were coded to 1990 Census Industry and Occupation codes using the Standardized Occupation and Industry Coding (SOIC) software developed by the National Institute for Occupational Safety and Health (NIOSH). Industry coding was used to assist with the occupation coding. Those responses that were not coded via the SOIC program were manually assigned an occupation code by 3 NIOSH-trained coders who categorized responses into 3-digit occupational classifications on the basis of the National Center for Health Statistics instruction manuals (16) and SOIC (17) . Manual coders were blinded to all other BRFSS response data. The 501 detailed occupational classes were further grouped into 28 broader occupational categories.
BRFSS demographic information included age, sex, race/ethnicity, educational level, and annual household income. Risk factors related to obesity included smoking status (collected annually), occupational physical activity levels, LTPA, and intake of fruits and vegetables (collected biennially in odd-numbered years).
Body mass index (BMI [kg/m ]) was calculated on the basis of respondents' self-reported height and weight. A BMI of 30 or higher was considered obese. The 3 self-rated responses to occupational physical activity level were dichotomized to nonphysically demanding (response: "mostly sitting or standing") and physically demanding work (responses: "mostly walking" or "mostly heavy labor or physically demanding work"). Data on vigorous LTPA (≥20 minutes/day for ≥3 times/week) and adequate daily intake of fruits and vegetables (≥5 servings of fruits and vegetables per day) were obtained as BRFSS calculated variables. Workers in the military (n = 208), in extraction occupations (n = 13), who were older than 65 years, or who had a BMI of less than 18.5 were excluded from the analyses. We estimated occupation-specific prevalence of obesity and multivariable prevalence ratios (PRs) for occupational groups, adjusting for occupational physical activity level, LTPA, smoking, and adequate fruit and vegetable consumption. Survey respondents provided oral informed consent for BRFSS participation. The Washington State institutional review board approved study protocol and content.
In this cross-sectional study, BRFSS calculates response and cooperation rates for each state using the Council of American Survey and Research Organizations guidelines (18). The Council of American Survey and Research Organizations is a survey research advocacy organization that provides a uniform definition and formula for measuring response and cooperation rates for survey research. The Washington State BRFSS survey response rates for the 2003, 2005, 2007 , and 2009 surveys were 43.0%, 46.6%, 44.5%, and 48.2%, respectively; the cooperation rates for the same years were 67.7%, 74.2%, 70.1%, and 70.1%, respectively. We adjusted for survey year in the analyses. The data were weighted to account for the BRFSS sampling design. All analyses were performed using Stata software version 8.0 SE (StataCorp LP, College Station, Texas).
Results
Of the 88,121 participants in the Washington State BRFSS during the 4 survey years, 45,878 (52.1%) were currently employed or self-employed at the time of survey administration. Of the 40,606 (46.1%) participants who reported occupation, 37,626 (42.7%) workers who had valid occupational codes, were aged 18 to 64 years, had a BMI of 18.5 or more, and were not working in military or extraction occupations were included in this study. The overall prevalence of obesity for all workers was 24.6% (95% confidence interval [CI], 24.0-25.1), ranging from 11.6% (95% CI, 8.0-15.2) for health diagnosing occupations (physicians, dentists, veterinarians, optometrists, and health diagnosing practitioners) to 38.6% (95% CI, 33.3-44.0) for truck drivers. Truck drivers and workers in transportation and material moving, protective services, and cleaning and building services had the highest prevalence of obesity (Table 1) . Table 2 presents the proportion of occupational physical activity level and health behavioral factors that were related to obesity by occupation. The proportion of current smokers was highest for truck drivers (34.1%; 95% CI, 28.6-39.4) and lowest for health assessment and treating occupations, excluding registered nurses (3.2%; 95% CI, 0.9-5.7). All health-care-related occupations exceeded 25.0% for intake of 5 or more servings of fruits and vegetables per day, with registered nurses exceeding all other occupations at 41.1% (95% CI, 37.5-44.6). Mechanics and repairers, mathematical and computer scientists, and truck drivers had the lowest proportion of adequate fruit and vegetable intake ( Table 2 ). The highest proportion of vigorous LTPA was among workers in protective services (50.8%; 95% CI, 45.7-56.0), followed by health diagnosing occupations (45.3%; 95% CI, 39.6-50.9) and postsecondary teachers (42.7%; 95% CI, 35.8-49.6); machine operators, assemblers, and inspectors had the lowest proportion (27.2%; 95% CI, 22.4-31.9). Workers in health diagnosing occupations had consistently higher proportions of positive health behaviors than workers in any other occupations. More than 80% of workers in cleaning and building services, construction and construction trades, and farming, forestry, and fishing reported their work as physically demanding, but 3% or less of lawyers and judges and teachers, excluding postsecondary, did so (Table 2) .
Obesity was associated with certain demographic characteristics, socioeconomic factors, and health behaviors (Table 3) . Prevalence ratios (PRs) for obesity were significantly higher among workers in older age groups than among workers aged 18 to 29, among male workers than among female workers, and among workers with less education than among workers with a college degree or higher. Compared with workers in the highest income group (≥$75,000), those in the lowest income group (<$35,000) had significantly higher obesity prevalence (PR = 1.09; 95% CI, 1.03-1.16), but the difference in PR was not significant for workers in the middle income group ($35, 000-$74,999). Race/ethnicity was not significantly associated with the prevalence of obesity. Nonsmokers were more likely to be obese (PR = 1.17; 95% CI, 1.09-1.25) than smokers. Workers who had adequate daily consumption of fruits and vegetables and adequate LTPA had significantly lower prevalence of obesity compared with those who consumed and exercised less (PR = 0.91; 95% CI, 0.86-0.97 and PR = 0.63; 95% CI, 0.60-0.67, respectively). Workers who characterized their occupational physical activity level as physically demanding had a lower prevalence of obesity (PR = 0.83; 95% CI, 0.78-0.88) than those who characterized their occupational physical activity level as nonphysically demanding (Table 3) .
Among the 28 occupational groups, protective services (PR = 2.46; 95% CI, 1.72-3.50) and truck drivers (PR = 2.45; 95% CI, 1.72-3.49) had the highest risk of obesity, using the health diagnosing occupations as the reference group and after adjusting for multiple covariates (Table 3) . PRs were not significant for natural and social scientists, postsecondary teachers, or lawyers and judges when compared with those of the health diagnosing occupations. Comparing with 2003, the prevalence of obesity among Washington workers increased in each study year; this increase in trend was independent of other obesity risk factors (data not shown).
Discussion
We observed a significant disparity in obesity prevalence, intake of fruits and vegetables, and levels of LTPA across occupations in Washington State. We identified several occupations with significantly higher prevalence estimates of obesity than that of the referent occupation, health diagnosing occupations: truck drivers, transportation and material moving, protective services, and cleaning and building services. These findings are similar to the finding of another study that analyzed data of 603,139 US adult workers from 1986 to 2002 who responded to the National Health Interview Survey (NHIS). This study's findings indicated that motor vehicle operators, workers in other transportations, workers in cleaning and building services, material-moving equipment operators, and workers in protective services had the highest obesity prevalence (19) .
Generally, occupation is the crude aggregate measure of the demographic, social, and economic characteristics of worker populations. Previous research suggests that obesity prevalence varies by some of these same characteristics such as age, sex, race/ethnicity, annual household income, 2 educational attainment, and LTPA (1, 20, 21) 
obesity rates than whites (23), but we did not observe a significant overall association between race/ethnicity and obesity. The population of Washington State workers is predominantly white, and estimates of obesity prevalence of nonwhite Washington workers by race are limited by the small number of respondents. We found that lower educational level and lower annual household income (<$35,000) were related to obesity prevalence. Workers with higher socioeconomic status, such as those in the health diagnosing occupations and postsecondary teachers, tended to have healthier behaviors than those with lower socioeconomic status. This finding may be explained by their higher educational attainment and income, which may correlate with higher expectations specific to personal health, appearance, and adequate economic capacity to purchase healthy but more expensive food items (24) .
The importance of occupational physical activities in preventing obesity should be emphasized. Workers whose occupational physical activities were physically demanding, involving movement and heavy labor, had significantly lower prevalence of obesity compared with those with nonphysically demanding jobs. The Physical Activity Guidelines for Americans suggests at least 150 minutes per week of moderate-intensity or 75 minutes per week of vigorous-intensity aerobic physical activity for adults for substantial health benefits (25). According to a study by Bensley et al (26) , occupational physical activities accounted for an additional 6.5% of the population meeting this recommendation. Our finding is consistent with a study of 10,785 workers from the Australian National Health Survey, which also found that workers with nonphysically demanding jobs were at significantly higher risk of being obese (6) . Also, a recent analysis of 3,539 adults from the National Health and Nutrition Examination Survey suggested that having a high occupational physical activity level decreased the odds of abdominal obesity (5).
Employed smokers had lower obesity prevalence than employed nonsmokers, likely attributable to the appetite-suppressing effects of smoking (27) . On average, 23.3% (95% CI, 22.7-23.8) and 34.3% (95% CI, 33.6-35.0) of Washington State adult workers met Healthy People 2010 recommended levels of fruit and vegetable consumption and LTPA level (Table 2) , and our finding showed their significant protective effect on obesity (Table 3 ). In the Washington BRFSS data, occupations such as truck drivers and transportation and material moving appeared to have high PRs of obesity, a high proportion of smoking, and a low proportion of self-reported fruit and vegetable intake ( Table 2) . Although smoking has a protective effect on obesity (27) , in our adjusted model, smoking did not offset the relationship between these occupational groups and obesity. Occupations such as truck drivers and transportation and material movers do not conform to employment in a single fixed worksite and are likely influenced by the availability of food choices in the broader environment, such as fast food and convenience stores (28) . Systematic reviews of workplace nutrition and physical activity interventions suggest a modest benefit for promoting healthy diet among employees (29) , achieving weight loss (9, 11) , and improving health behaviors (10) . Our study suggests that societal, environmental, and occupational factors must be taken into account when developing workplace wellness programs for specific occupations. Moreover, previous research has shown significantly rising obesity rates among US workers from 1986 to 2002 regardless of race or sex (19) . In our data, compared with 2003, the prevalence of obesity among Washington workers increased significantly in later years, but this increase in trend did not change the prevalence ratio for other obesity risk factors.
This study is subject to limitations. Because of the nature of a cross-sectional study, the relationship between occupation and obesity cannot provide evidence for causality. The BRFSS uses self-reported measures of height and weight rather than estimates of actual height and weight, which may lead to underestimation of BMI (30) . Furthermore, BMI measures cannot distinguish between fat and lean tissue mass; workers with physically demanding jobs may be more physically fit and have a higher BMI because of increased muscle mass (31) . For example, protective services (eg, firefighters, police officers) had a high prevalence of obesity but also had the highest proportion of vigorous LTPA (50.8%, 95% CI, 45.7-56.0). Because high physical standards for performance of job duties vary, there are possible biases across occupation related to BMI as a measure of obesity. Overestimates of obesity prevalence and possible biases in health behavioral measures may occur because of BRFSS data collection restrictions to landline telephones before 2011 and only to English-or Spanish-speaking respondents. Cellular telephone-only households were not included in the survey. There may be systematic errors in the automated and manual coding of occupation; however, if these errors occurred and whether they introduced bias into our results is unknown. To our knowledge, there is no previous state-level study that estimated occupation-specific obesity prevalence or that systematically examined risks of obesity by occupation while considering other related health behaviors among workers. To date, industry and occupation are not collected as part of the BRFSS core survey and are an elective module for states' BRFSS coordinators to select. BRFSS is likely the optimal surveillance system for collecting data on state-level health-related behaviors by occupation because of the large sample size and the costeffectiveness of such data collection.
Interventions to reduce obesity in the US population should be targeted to the workplace. According to the 2007 and 2008 BRFSS, the obesity prevalence among all workers was 26.1% in Washington State, similar to the national average of 27.0% (21) , making the workplace a valuable opportunity to prevent obesity and promote health. Effective workplace health intervention programs will lower absenteeism and health care costs, improve health conditions and health behaviors of employees, and improve worker productivity. To meet the goals of Healthy People 2020 of increasing worksite health promotion programs, this study calls for promoting the systematic, ongoing collection of data on obesity and health-related behaviors by occupation. Characterizing obesity prevalence by occupation may influence key stakeholders to develop workplace wellness programs, which help identify unique societal and occupational factors for effective intervention to modify obesity risk factors. It also allows for the allocation of public health resources to high-risk worker groups that are most likely to benefit from such programs. In Washington State, allocation may best be directed toward the following occupational groups based on our findings: truck drivers and workers in transportation and material moving, protective services, and cleaning and building services. Evidence-based interventions suggest that employers identify the most effective interventions suitable to their specific workplace, promote worker engagement in physical activity with economic incentives, and introduce educational programs on healthier lifestyles, nutrition, and food budget management (11, 14, 19, 26) . Comprehensive workplace health intervention programs must be promoted and implemented to protect workers against the obesity epidemic in Washington State and in the United States. Tables   Table 1 The physically demanding occupational activity was determined by a respondent's answer to the question, "When you are at work, which of the following best describes what you do?" Respondents who answered "mostly walking" or "mostly heavy labor or physically demanding work" were classified as having a physically demanding occupational activity. 
